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raise important issues about 
the safety of counter- clockwise 
rotating shift work and the 
potential long-term health 
consequences for airline crews 
regularly crossing time zones.
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Path integration enables a 
foraging animal to keep a 
continuously updated estimate 
of its direction and distance from 
some reference point — the nest 
or a frequently visited feeding 
site — and hence provide it with 
a global vector pointing from the 
animal’s current position to this 
reference point [1–5]. This global 
vector is retrieved and used 
when the animal later returns to 
the starting point. Even though 
path integration is the dominant 
mechanism in desert-ant 
navigation, the animals have been 
shown to use landmark-based 
routes as well. When following 
learned sequences of landmarks, 
the ants are guided by directional 
information gained from one 
landmark to the visual catchment 
area of the next landmark [6–9]. 
Here we report evidence that the 
procedural knowledge involved 
in route learning can dominate 
the path integrator to such an 
extent that the ants can even 
select the opposite direction 
to that represented by their 
path- integration global vector.
We trained desert ants, 
Cataglyphis fortis, within a 
two- leg, U-turn channel array and 
thus forced them to accomplish a 
180° turn when running back and 
forth between nesting and feeding 
sites. Subsequently the ants, 
after they arrived at the feeder, 
were displaced into a linear test 
channel in which their homebound 
courses were recorded (for 
a detailed description of the 
methods see the Supplemental 
data available online). 
In the first experiment, the 
ants were trained within linear 
channels first to run from the 
feeder for 6 m to the north, then to 
turn by 180°, and then to run for another 3 m to the south until they 
reached the nest (6U3 training 
paradigm; Figure 1). After training 
was completed, the ants were 
transferred to a linear test channel 
oriented in the same north–south 
direction. Control ants were 
trained along a linear path with 
the feeder 3 m to the north of the 
nest. After their release into the 
test channel the experimental 
ants (n = 30) ran much further 
in the northward direction than 
the control ants (n = 30) before 
they performed their first turn 
(Figure 1A, p < 0.0001). This result 
means that the 6U3 ants overshot 
the nest- to-feeder distance and 
headed for the U-turn as their first 
target. 
In a second experiment, the 
ants were trained in a reversed, 
more demanding setting (3U6; 
Figure 1); the inbound ants now 
had to decide whether they 
should head for the U-turn or 
whether they should head for the 
nest now lying in the opposite 
direction of the U-turn. Only six of 
the 30 experimental ants directly 
ran off their home vector (as all 
control ants did); the remaining 
80% of the experimental ants 
first headed for the fictive 
U-turn (Figure 1A; difference 
between control and test group, 
p < 0.0001). This clear-cut result 
again shows that even in the 
difficult 3U6 task the ants had 
acquired and used remarkable 
knowledge about their two-leg 
training path.
It is well known that C. fortis 
[6], as well as other species 
of ants [7–9], can attach local 
vectors to particular landmarks 
encountered en route. In 
an intriguing experiment, 
channel- bound flying honey bees 
were also shown to use local 
vectors attached to on-route 
visual signposts [10]. In our work, 
we tried to reduce the influence 
of landmarks by using linear 
channels. Hence, the landmark 
situation at the feeder, at the nest 
and in fact during the entire run 
was almost the same. The only 
visual irregularities were the food 
crumbs at the feeder position 
and an inconspicuous opening 
between the two channels at the 
U-turn. Both cues, of course, 
were missing in the test channel. 
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Figure 1. Search characteristics of the three experimental groups. 
(A) Histograms and boxplots of the first turning points (FTP). (B) Search density profiles. 
Blue line, 6U3 experiment; red line, 3U6 experiment; grey line, control experiment; 
 dotted lines with arrow heads indicate the fictive positions of the U-turns (red and 
blue arrowheads) and the position of the nest (grey arrowhead); dashed line, point of 
feeder (in training situation) and point of release (in test situation).But despite the absence of 
prominent target landmarks, 
the tested ants, when homing, 
overshot the feeder- to- nest 
distance when they were trained 
to a U-turn being situated behind 
the nest (6U3 paradigm), and 
even started to home in the 
opposite direction of their global 
vector when they were trained in 
the 3U6 channel. 
After following conspicuous 
landmarks, desert ants usually 
switch back to their path 
integrator, which continued to run 
as a backup system [2,11]. In our 
experiments, however, the ants 
continued to search at the fictive 
position of the U-turn — which, 
of course, was not marked by any landmark in the test channel — 
and did not reactivate their global 
vector. We conclude that, even 
in the absence of conspicuous 
landmarks, the ants are able 
to acquire and use important 
procedural knowledge, which can 
guide them even in a direction 
opposite to that of their path 
integrator. 
Future experiments have to 
reveal whether this knowledge 
is based on local vectors, or 
whether the path integrator 
itself provides the ants not only 
with a vector pointing at the 
nest or the feeder but also with 
additional information about 
the characteristics of the route. 
Obviously, the ant’s system of navigation is much richer in 
content than hitherto assumed.
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